We present updated values for the mass-mixing parameters relevant to neutrino oscillations, with particular attention to emerging hints in favor of θ 13 > 0. We also discuss the status of absolute neutrino mass observables, and a possible approach to constrain theoretical uncertainties in neutrinoless double beta decay. Desiderata for all these issues are also briefly mentioned.
1. Neutrino oscillation parameters and hints of θ 13 > 0
In the last decade, a series of beautiful ν oscillation experiments, interpreted within a theoretical framework with three massive and mixed neutrinos, has provided stringent constraints on the ν mass-squared differences (δm 2 , ∆m 2 ) and mixing angles (sin 2 θ 12 , sin 2 θ 23 , sin 2 θ 13 )-see 1) for notation and conventions. Desiderata include the sign of ∆m 2 (i.e., the ν mass spectrum hierarchy), a possible CP-violating phase δ, and a lower bound (if any) on the smallest ν mixing angle θ 13 .
At this NO-VE Workshop, we have presented recent progress on the latter issue, by showing how the combination of recent solar and long-baseline reactor (KamLAND) data leads to a slight preference for sin 2 θ 13 ∼ 10 −2 . More precisely, using solar ν data prior to the Neutrino 2008 Conference 2) , we have noted that the slight difference between the value of sin 2 θ 12 preferred by such data, as compared with the one preferred by KamLAND data, can be significantly reduced for θ 13 > 0-see the panels in Fig. 1 . This reduction, originating from different functional forms of the survival probability P νe→νe (sin 2 θ 12 , sin 2 θ 13 ) in the two classes of experiments, led to a slight preference for θ 13 > 0 (at the level of ∼0.5σ). An older, independent preference for θ 13 > 0 from atmospheric neutrino data had already been found in 1) (at the level of ∼0.9σ). Added together, these hints provided a 1σ indication in favor of θ 13 > 0: sin 2 θ 13 ≃ 0.01 ± 0.01, as presented at this Workshop using available data. We then remarked that new solar ν data could potentially corroborate such indication.
After Neutrino 2008 2) , we have performed a follow-up global analysis with the latest (SNO-III) solar neutrino results 3) . The analysis has indeed sharpened such intriguing indication, which now reaches an interesting C.L. of ∼ 90% (i.e., ∼1.6σ): . These parameters are positively and negatively correlated in the S and K regions, respectively, as a result of different functional forms for P ee (sin 2 θ 12 , sin 2 θ 13 ) in the two cases. The S and K allowed regions, which do not overlap at 1σ for sin 2 θ 13 = 0, merge for sin 2 θ 13 ∼ few × 10 −2 . The best fit (dot) and error ellipses (in black) for the S+K combination are shown in the middle panel of Fig. 2 ; a hint of θ 13 > 0 emerges at ∼ 1.2σ level. Finally, the independent (∼ 0.9σ) hint of θ 13 > 0 from the combination of atmospheric, LBL accelerator, and CHOOZ data reinforces the overall preference for θ 13 > 0, which emerges at the overall level of ∼1.6σ in the right panel of Fig. 2 (all data). At this Workshop we also updated the estimates of all the mass-mixing parameters. Here we present the latest results including Neutrino 2008 data 4) . Figure 3 displays a synopsis of the ν parameters, in terms of standard deviations n σ from the best fit (n σ = √ ∆χ 2 after χ 2 marginalization). Table 1 summarizes the numerical ranges. Note that in the the discussion of Sec. 2 we shall show results at a conservative 2σ (95%) C.L., in which case only an upper bound can be placed on θ 13 . 
Status of absolute neutrino mass observables
The three main observables sensitive to absolute ν masses are: the effective mass m β in single beta decay, the effective Majorana mass m ββ in neutrinoless double beta (0ν2β) decay, and the sum of ν masses Σ in cosmology-see Ref. 1) for notation. Desiderata include an undisputed nonzero signal for at least one such quantity.
0ν2β decay updates
The final analysis of part of the Heidelberg-Moscow (HM) Collaboration reports a 0ν2β signal in 76 Ge with half-life T Using generous uncertainties for the 0ν2β nuclear matrix elements (NME) we find log(m ββ /eV) = −0.54 ± 0.26 (HM claim, 2σ) .
(2)
The Cuoricino experiment does not find 0ν2β decay signals in 130 Te and quotes T 
where the range due to the 2σ uncertainty of the NME is explicitly reported. A comparison of the corresponding m ββ ranges (2σ),
0 ≤ m ββ /eV < 0.23 (Cuoricino, "favorable" NME) ,
0 ≤ m ββ /eV < 0.85 (Cuoricino, "unfavorable" NME) ,
shows that current Cuoricino data may or may not disfavor a fraction of the HM range for m ββ at 2σ, depending on the (still quite uncertain) value of the 130 Te 0ν2β NME. Desiderata include a reduction of the NME uncertainties (see also Sec. 3). Therefore, the 0ν2β claim remains an open issue at present, and we shall consider the possibility that it corresponds to a real signal. See Ref. 4 ) and references therein for details about the above limits.
Cosmology updates
In Ref. 4) , in collaboration with A. Melchiorri, P. Serra, J. Silk, and A. Slosar, we have also updated the constraints on Σ including WMAP 5-year and other data. We consider four representative combinations of cosmological data, which lead to increasingly stronger upper limits on Σ: (1) CMB anisotropy data from: WMAP 5y, ACBAR, VSA, CBI, and BOOMERANG; (2) the above CMB results plus the HST prior on the value of the reduced Hubble constant, and the luminosity distance SN-Ia data; (3) The data in (2) plus BAO data; (4) all the previous data, plus Lyα forest clouds data. The corresponding upper limits on Σ are summarized in Table 2 . We shall focus on the two extreme cases 1 and 4. Table 2 ) with the 0ν2β decay claim. Right panel: Bounds from oscillation plus all cosmological data (case 4 in Table 2 ), contrasted with the 0ν2β decay claim. 
Neutrinoless double beta decay versus cosmology plus oscillations
Figure 4 (left) shows the regions allowed at 2σ in normal and inverted hierarchy (slanted bands) by the combination of oscillation results with the first dataset in Table 2 (CMB), in the plane spanned by (Σ, m ββ ). This is the most conservative case, with the weakest limits on Σ, and the largest overlap between the regions separately allowed by oscillation+CMB data and by the 0ν2β claim. The results of a global χ In this case (degenerate spectrum), the preferred range for effective neutrino mass in β decay would also be m β ∈ [0.15, 0.46] eV. In the upper half of this range, the KATRIN β − experiment could make a 5σ discovery, according to the estimated sensitivity. A 3σ evidence could still be found in KATRIN for m β ∼ 0.3 eV. Below this value, the sensitivity would be rapidly degraded, and only upper bounds could be placed for m β <∼ 0.2 eV.
The right panel in Fig. 3 is analogous to the left one, but refers to the 4th dataset in Table 2 (all cosmo data, including Lyα). In this case, the allowed regions do not overlap and cannot be combined, since the relatively strong cosmological limit Σ < 0.19 eV implies m ββ <∼ 0.08 eV, in contradiction with Eq. (4). Solutions to this discrepancy would require that either some data or their interpretation are wrong.
